The number of referrals by primary care practitioners to secondary care neurology services, particularly for headache, may be difficult to justify. Access to imaging by primary care practitioners could avoid referral without compromising patient outcomes, but the decision to refer is based on a number of complex factors. Due to the paucity of rigorous evidence in this area, available data are combined with expert opinion to offer support for GPs. The study suggests management for three levels of risk of tumour: red flags >1%; orange flags 0.1-1%; and yellow flags <0.1% but above the background population rate of 0.01%. Clinical presentations are stratified into these three groups. Important secondary causes of headache where imaging is normal should not be overlooked, and normal investigation does not eliminate the need for follow-up or appropriate management of headache.
INTRODUCTION
The annual incidence of brain tumour in the UK is approximately 0.06-0.01%, of which 72% of people with brain tumour will present above the age of 50 years.
1,2 Although a brain tumour can present with a number of signs or symptoms, a headache presentation is invariably a cause for concern for both patient and doctor.
In primary care in the UK, the annual consultation rate for headache is 4.4 per 100 patients, of whom 3% are referred to secondary care for further assessment. 3 Direct referral by the GP to brain imaging is also becoming increasingly available.
The decision to investigate headache is based on a number of complex factors that include therapeutic value, clinical confidence, time constraints within the consultation, availability of imaging, the GP's approach to risk and uncertainty, reassurance of an anxious patient, and medicolegal concerns. 4, 5 The context in which the decision is made also plays an important part. In primary care, GPs experience difficulty in diagnosing headaches, 6 while in secondary care, patients will often anticipate the exclusion of secondary pathology and consultants will be under pressure to make a diagnosis at the first appointment.
These factors result in wide variations in GP referral rates for headache. 7 A BMJ editorial suggested that for headache presentations, the lowest common denominator that directs behaviour is what a convincing expert might tell a court. 8 In view of the complexity of the area and the fact that effective communication improves patient health outcomes, 9 there is a need for pragmatic guidance to support the practitioner. Although a number of guidelines have been developed, 10,11 the focus has been on secondary care, and guidance is hedged with uncertainties. Recent guidelines for primary care have been developed by the National Institute for Health and Clinical Excellence, 12 but their review of the existing evidence base and guidance is limited.
As population screening for brain tumour is not appropriate, 13 a guideline needs to address two questions:
• against a background annual population risk of a tumour presentation of 0.01%, at what level of risk should imaging be undertaken? • are there clinical symptoms or signs that indicate a particular level of risk?
Ideally, guidelines should be developed from rigorous studies that are integrated into decision pathways. This approach would require a large number of consecutive patients in relevant settings, prospective randomised studies, and blind interpretation of data: a standard that is unlikely to be achieved for such a rare condition. Current studies are limited by small sample sizes, a wide range of estimates, retrospective recall bias, specialist centre focus across and conflation of acute and chronic presentations. Many studies report computed tomography (CT) investigation that is less sensitive than magnetic resonance imaging (MRI), while sensitivity in both modalities has improved with time, making comparison of studies difficult. There is also uncertainty over what constitutes 'significant pathology' and the relevance of abnormal findings to clinical presentations. Inevitably, professional consensus is required that combines evidence with clinical experience.
The objective of this paper is to provide pragmatic support to practitioners for investigation of suspected brain tumour. The Science Citation Index and Social Sciences Citation of the Web of Science were searched for relevant entries to December 2007. An expert panel comprising primary and secondary care members of the British Association for the Study of Headache identified any gaps in the literature base and provided specialist input. This paper is constructed in three parts. First, it suggests levels of risk of brain tumour at which investigation should be undertaken. Secondly, it ascribes clinical signs and symptoms to the risk of brain tumour. Finally, it combines this evidence with clinical experience to offer clinical guidance for GPs.
AT WHAT LEVEL OF RISK OF BRAIN TUMOUR SHOULD IMAGING BE UNDERTAKEN?
From a rational perspective, against a background of limited healthcare resources, the level of risk at which imaging takes place is directed by costutility analysis; that is, the cost of each incremental quality-adjusted life year (QALY) gained compared with alternative investments.
14 There is a paucity of research on decision and economic analysis of imaging strategies for brain tumour. 15 Only one economic model has been published in an investigation of tumour in children with headache. 16 For high-risk groups, defined as a 4% level of risk, MRI yielded a cost per QALY that was over twice the currently accepted guidelines.
However, due to the methodological difficulties involved in deriving meaningful economic evidence in this area, determining the level of risk at which imaging is indicated will involve a subjective value judgement that integrates the benefits and disadvantages of imaging, and a comparison with risks where investigations are undertaken in other clinical areas.
Benefits of imaging
Potential for improvement in quality and quantity of life will vary widely between types of lesion, and in many cases may be marginal. Many patients and doctors will obtain reassurance from the exclusion of serious pathology. However, studies examining the effects of referral for headache on clinical outcomes in terms of symptoms and patient anxiety produce conflicting findings. [17] [18] [19] Merely asserting that nothing is wrong may deny the reality of patient concerns, 20 and spending more time during a consultation directly discussing a patient's concerns may reduce the need for unnecessary tests.
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Disadvantages of imaging
The identification of incidental pathology, its clinical relevance, and the unnecessary anxiety it incurs is well recognised and can be significant. Imaging studies in asymptomatic populations yield abnormalities ranging from 0.6% to 2.8%. [22] [23] [24] These findings may also have implications for future life insurance applications. MRI is distressing to a number of patients, while the radiation exposure from CT should not be overlooked.
How this fits in
Although brain tumour can present with a number of signs or symptoms, a presentation of headache is invariably a cause for concern for both patient and doctor. The decision to investigate for tumour is based on a number of complex factors. Although guidelines for investigation have been developed, the focus is on secondary care, and support for GPs is limited. In this paper, expert opinion is combined with available evidence to offer pragmatic support for GPs when brain tumour is suspected. Three levels of risk and corresponding appropriate management are suggested: red flags, orange flags, and yellow flags. Clinical presentations are stratified into these three groups.
Comparison with other clinical areas
Comparative risk rates of presentations in other clinical areas may help to establish a level of risk where further investigation is deemed appropriate. For example, 1-year positive predictive values for carcinoma of the colon are: weight loss 1.2%, rectal bleeding 2.4-3.4%, faecal occult blood 7%. 25, 26 The predictive value for haemoptysis in carcinoma of the lung is 2.4%. 27 On the basis of the above inputs, the suggestion is to define three levels of risk as shown in Box 1.
WHAT CLINICAL SYMPTOMS OR SIGNS INDICATE A PARTICULAR LEVEL OF RISK?
Headache Seventy per cent of patients with brain tumour will have headache at some time in their illness. The frequency at the time of diagnosis is confounded by recollection bias, and varies with clinical setting between 23% and 56%. [28] [29] [30] In primary care, the risk of brain tumour with a headache presentation is 0.09%. 31 There is no consistent clinical pattern to the features of headache associated with tumour, and the location of the pain is not usually related to the position of the lesion. One study found headaches similar to tension-type in 77% and to migraine in 9% of patients. 32 Headache with associated features. A recent review of the literature of headache with associated features 33 found the following relevant positive likelihood ratios (likelihood ratio = post probability/prior probability) with 95% confidence intervals (95% CIs): headache with abnormal findings on clinical neurological examination 5.3 (95% CI = 2.4 to 12); headache aggravated by exertion or Valsalva-like manoeuvre 2.3 (95% CI = 1.4 to 3.8); headache with vomiting 1.8 (95% CI = 1.2 to 2.6); headache with focal symptoms 3.1 (95% CI = 0.37 to 25); worsening headache 1.6 (95% CI = 0.23 to 10); and cluster headache 10.7 (95% CI = 2.2 to 52). Another review has given rapidly increasing headache frequency 12 (95% CI = 3 to 48); headache causing awakening from sleep 98 (95% CI = 10 to 960); and dizziness or lack of coordination 49 (95% CI = 3 to 710). 11 The majority of studies reviewed were from secondary care. Table 1 shows the above data applied to the pretest probability of 0.09% for tumour with headache in primary care.
Isolated headache. Isolated headache where there are no accompanying signs or clear diagnostic pattern is a difficult presentation for the GP. Estimates of the proportion of patients with tumour who present with isolated headache range between 2% and 16%. 28, 34, 35 If the GP can make a diagnosis of a primary headache at presentation (migraine, tension-type, or cluster), the risk of tumour is 0.045%. If a diagnosis cannot be made, the risk is 0.15%. 36 A recent secondary care study found that in the 10% of headaches where no diagnosis could be made, DP Kernick, F Ahmed, A Bahra, et al Ǡ Red flags -presentations where the probability of an underlying tumour is likely to be greater than 1%. These warrant urgent investigation.
Ǡ Orange flags -presentations where the probability of an underlying tumour is likely to be between 0.1 and 1%. These need careful monitoring and a low threshold for investigation.
Ǡ Yellow flags -presentations where the probability of an underlying tumour is likely to be less than 0.1% but above the population rate of 0.01%. These require appropriate management but the need for follow-up is not excluded.
Box 1. Three levels of risk of brain tumour and suggested management.
Likelihood Table 1 . Best estimates of risk of tumour with headache presentations in primary care and associated features. Derived from primary care pretest probability (0.09%) and likelihood ratios derived mainly from secondary care.
the risk of abnormality was 3.7%. 37 The risk in migraine was 0.4% and in tension-type headache 0.8%. Previous secondary care studies of consecutive non-acute isolated headache quoted abnormalities for migraine as 0-3.1% and unspecified headache 0-6.7%. 10 A secondary care prospective study suggested that headache without the development of additional signs or symptoms for longer than 11 weeks after initial presentation will only be due to a tumour in exceptional cases. 38 In primary care, if a tumour is present and a headache diagnosis cannot be made at presentation, 74% of tumours will have presented by 3 months, and 90% by 6 months. 36 With isolated headache, the emphasis is on monitoring and allowing a diagnostic pattern to emerge. Extra vigilance is advisable in patients over 50 years, where the incidence of underlying pathology is higher. The suggestion is that if a diagnostic pattern has not emerged at 8 weeks after an isolated headache presentation to primary care, then investigation should be considered following discussion with the patient.
Practical clinical guidance for new isolated headache presentations that need a diagnostic pattern to emerge can be found on the British Association for the Study of Headache website (http://www.bash.org.uk).
Headache with a history of cancer elsewhere. Brain metastases occur in 20-40% of patients with cancer. 39 Lung (43% of secondary tumours) and breast (8% of secondary tumours) are the predominant primary locations. Thirty-two per cent of cancer patients presenting with new or changed headache will have intracranial metastases, and in most cases the primary tumour will have been identified. 40 New headache in patients with a history of cancer should always be treated with suspicion.
Non-headache presentations
Other symptoms of tumour that have been quantified in primary care are new-onset seizure 1.2% (95% CI = 1.0 to 1.4), confusion 0.20% (95% CI = 0.16 to 0.24), weakness 0.14% (95% CI = 0.11 to 0.18), motor loss 0.026% (95% CI = 0.024 to 0.030), and memory loss 0.036% (95% CI = 0.026 to 0.052). 31 Personality change has also been reported but not quantified.
The importance of age
The risks given above are across all age groups. Higher levels of suspicion are required with increasing age. Table 2 is taken from primary care data, 31 and shows increased risk of tumour with age against a baseline risk at age range 18-29 years. Table 2 . Relative risk of tumour (age 18-29 years as base rate).
GUIDANCE FOR PRIMARY CARE PRACTITIONERS ON IMAGING PATIENTS WITH SUSPECTED BRAIN TUMOUR
Ǡ Red flags -presentations where the probability of an underlying tumour is likely to be greater than 1%. These warrant urgent investigation.
• Papilloedema • Significant alterations in consciousness, memory, confusion, or coordination • New epileptic seizure • New-onset cluster headache (imaging, particularly of the region of the pituitary fossa, required but non-urgent) • Headache with a history of cancer elsewhere particularly breast and lung • Headache with abnormal findings on neurological examination or other neurological symptoms (although evidence base suggests orange flag)
• New headache where a diagnostic pattern has not emerged after 8 weeks from presentation • Headache aggravated by exertion or Valsalva-like manoeuvre • Headaches associated with vomiting • Headaches that have been present for some time but have changed significantly, particularly a rapid increase in frequency • New headache in a patient over 50 years
• Headaches that wake the patient from sleep • Confusion Ǡ Yellow flags -presentations where the probability of an underlying tumour is likely to be less than 0.1% but above the population rate of 0.01%. These require appropriate management, and the need for follow-up is not excluded.
• 
CONCLUSION
This paper has described guidance for primary care practitioners when brain tumour is suspected. The guidance is based on expert opinion combined with the limited studies that are available. The majority of these have been undertaken in secondary care, based on poor methodology, and often report wide confidence intervals. In view of the significant level of incidental findings and lesions of uncertain clinical significance, the decision to image a patient should not be taken lightly. In many cases, the current developments allowing for increasing sensitivity and reducing cost of investigation are divorced from current understanding of the natural history of lesions that are identified.
Ultimately, the decision to investigate should be taken jointly with the patient. Direct discussion of patient concerns and the implications of imaging may be more likely to reassure patients than unnecessary tests or consultant referral, although there is evidence that imaging may be a costeffective way to reassure a proportion of patients with high anxiety levels.
In the absence of a rigorous evidence base, medicolegal case law can be an important precedent. A review of published primary care case studies suggests that problems arise not when subtle signs or symptoms are missed, but from failure to identify and adequately record gross neurological findings (http://www.medicalprotection.org and http://www. the-mdu.com). A successful defence depends on whether the practitioner has investigated the presenting symptom to an appropriate degree, and whether any delay incurred in order to establish a diagnosis that would significantly affect the prognosis.
The authors make no recommendations for the type of investigation. Although MRI is a more accurate modality, cost and availability will dictate the use of CT in many areas. It is important to emphasise that a normal investigation of any type does not exclude the need for further follow-up. There are some important secondary causes of headache where imaging can be normal, and a normal investigation does not eliminate the need for appropriate management of primary headache.
Access to imaging by primary care practitioners supported by the framework proposed in this article could avoid referral and inappropriate investigation without compromising patient outcomes. Studies comparing GPs with and without access to imaging are needed to support policy development in this important area.
